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Symptoms of Stress and Depression as Correlates of Sleep in Primary Insomnia
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Objective: Previous studies have not evaluated the clinical correlates of the electroencephalographic spectral profile
in patients with insomnia. In the preliminary study described here, we evaluated the extent to which symptoms of
stress and depression are associated with subjective sleep complaints and quantitative measures of sleep in
individuals with chronic insomnia. Methods: Subjects were 14 healthy adults who met criteria for primary
insomnia as specified in the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders. Measures
of stress, depression, and subjective sleep quality were collected before subjects participated in a two-night
laboratory sleep series. We hypothesized that elevated symptoms of stress and depression would be associated with
subjective sleep complaints and electroencephalographic evidence of hyperarousal during sleep. Hyperarousal
during sleep was defined as decreases in delta power and elevations in alpha and beta power throughout non–rapid
eye movement sleep, and symptoms of stress were defined as the tendency to experience stress-related intrusive
thoughts and the interaction between intrusion tendency and the number of recent stressful events (subjective stress
burden). Results: A stronger tendency to experience stress-related intrusive thoughts was associated with greater
sleep complaints and a trend toward higher beta power, whereas increases in subjective stress burden were
associated with decreases in delta power. In addition, elevations in subclinical symptoms of depression were
associated with greater sleep complaints and elevations in alpha power. Conclusions: Observed relationships
among symptoms of stress, depression, subjective sleep complaints, and electroencephalographic power may be
relevant to the discrepancy between subjective and objective measures of sleep in patients with insomnia and may
be more broadly applicable to sleep complaints in association with stressful life events and major depression. Key
words: insomnia, stress, depression, electroencephalography, power spectra, arousal.

CNS 5 central nervous system; DSM-IV 5 Diagnostic
and Statistical Manual of Mental Disorders, fourth edi-
tion; EEG 5 electroencephalographic; HRSD 5 Hamil-
ton Rating Scale for Depression; REM 5 rapid eye
movement.

INTRODUCTION

Quantitative EEG studies have consistently reported
alterations in EEG power among patients with insom-
nia in comparison with age-matched, healthy control
subjects. Heightened beta activity and attenuated delta
power during the sleep onset period are the most reli-
able alterations, although increases in alpha power
have been noted as well (1–3). Merica et al. (4) recently
reported that alterations in EEG spectral power among

patients with insomnia are not restricted to the sleep
onset period; instead, these differences are seen
throughout the night, during both non-REM and REM
sleep. The EEG spectral profile of patients with insom-
nia is consistent with hyperarousal and has generated
a lot of interest because it supports the hypothesis that
heightened CNS activity, including cortical arousal,
plays a role in insomnia (5).

Although it has been suggested that the EEG spectral
profile of patients with insomnia is related to clinical
correlates of the disorder, previous studies have not
investigated these relationships. In the preliminary
study reported here, we evaluated symptoms of stress
and depression in conjunction with laboratory sleep
studies in a sample of adults with chronic primary
insomnia. We hypothesized that symptoms of stress
and depression were likely correlates of EEG spectral
power because each has been independently associ-
ated with hyperarousal during sleep and waking (6, 7)
and because each is commonly associated with insom-
nia. Specifically, we hypothesized that the tendency to
experience stress-related intrusive thoughts, subjec-
tive stress burden, and symptoms of depression would
be positively correlated with indices of hyperarousal
during sleep, indicated by attenuation of delta power
and heightened alpha and beta power. Because subjec-
tive sleep complaints are also thought to reflect hyper-
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arousal during sleep (4, 8), we also hypothesized that
heightened symptoms of stress and depression would
be associated with subjective sleep complaints. Symp-
toms of stress were operationally defined as the ten-
dency to experience stress-related intrusive thoughts
and subjective stress burden. Each of these is more
strongly related to sleep than are checklist measures of
stressful life events (9, 10).

METHODS

Subjects were 14 adults (9 women and 5 men; mean age, 53 6 12
years) who met DSM-IV criteria for primary insomnia. Mean dura-
tion of insomnia was 17.7 6 9.9 years. Diagnostic eligibility was
determined with a structured sleep disorders interview and the
Structured Clinical Interview for DSM-IV Axis I Disorders (11).
Sleep laboratory criteria were not used to determine eligibility.
Additional eligibility criteria required that subjects be free of major
medical or psychiatric illness for 6 months before the study. Al-
though subjects had no current affective or anxiety disorders at the
time of the study, six subjects had a history of depression. Subjects
were also excluded if they demonstrated significant sleep apnea or
periodic limb movements (.10 apneas, hypopneas, or limb move-
ments per hour of sleep) as determined by polysomnography. By the
time of the sleep studies, all subjects had discontinued use of all
prescription medications that might affect EEG sleep recordings (4
weeks for fluoxetine and 2 weeks for others).

Measures germane to the present report were collected 1 week
before baseline sleep studies and commencement of pharmacother-
apy, with the exception of sleep diary data, which were collected
daily for 2 weeks before the sleep studies. Two variables were used
to quantify symptoms of stress to capture the tendency to experience
stress-related intrusive thoughts (intrusion tendency) and actual
stress levels at the time of sleep studies (subjective stress burden).
Intrusion tendency was measured with a modified version of the
Impact of Event Scale (12). Subjects were asked to indicate how
frequently they generally experience each of seven symptoms of
intrusive thoughts after a stressful event. Subjective stress burden
was quantified with a summary score, which was calculated as the
interaction between intrusion tendency and the number of stressful
events that were reported during the 6 months preceding the sleep
studies (13). Current symptoms of depression were quantified with
the clinician-administered HRSD (14). We used the 14-item HRSD to
avoid confounding the HRSD sleep items with study outcomes.

Data from the Pittsburgh Sleep Diary (15) were used to quantify
subjective sleep quality, based on daily ratings recorded on a 10-cm
visual analog scale. Mean visual analog scale values were calculated
for the 2-week period preceding sleep studies, with higher numbers
reflecting better sleep quality (scale 5 0–100). Laboratory sleep
studies included two nights of polysomnography, during which
time subjects adhered to their habitual sleep and wake schedules.
Polysomnographic data were collected with use of Grass model 78
amplifiers and digitized online at a sampling rate of 256 Hz (12-bit
resolution). Sleep records were visually scored in 60-second epochs
according to the Pittsburgh version of standard criteria (16), and EEG
data (C3 or C4 referenced to A1–A2) were decimated to a sampling
rate of 128 Hz in preparation for power spectral analysis. Fast
Fourier transformation analysis was then used to calculate EEG
power spectral densities for consecutive 4-second epochs in 0.25-Hz
frequency band widths. A relative artifact threshold detection algo-
rithm, built into the spectral program, was used to identify and
eliminate 4-second epochs with muscle artifacts (17). Average abso-
lute power density in the delta (0.5–4.0 Hz), alpha (8.0–12.0 Hz),

and beta (17.0–32.0 Hz) frequency bins were calculated for non-
REM sleep during night 2 of the sleep studies; night 1 was consid-
ered an adaptation and screening night.

Nonparametric statistics were used in all analyses because of the
nonnormal distribution of sleep data and the modest sample size.
The influence of age and sex on sleep was evaluated before study
hypotheses were tested. Spearman rank-order correlations were then
used to evaluate the hypothesis that elevated symptoms of stress and
depression would be associated with subjective sleep complaints
and CNS hyperarousal as defined by lower absolute delta power and
increases in alpha and beta power. A limited number of analyses
were specified, a priori, to address hypotheses regarding measures of
sleep disruption and heightened arousal. The a level was set at 0.05
for all analyses.

RESULTS

Intrusion tendency levels were high (mean 5 19.7 6
4.3), with mean values similar to those of adults seek-
ing treatment for stress disorders (18, 19). Despite high
intrusion tendencies, symptoms of depression were
low, as shown by the restricted range of depressive
symptoms on the 14-item HRSD (range, 2–12; mean 5
6.2 6 3.2). The range of symptoms on the full (17-item)
HRSD was 5 to 15. Symptoms of insomnia were evi-
dent in poor subjective sleep quality scores (mean 5
44.5616.1) and in the amount of wakefulness after
sleep onset as measured by polysomnography (mean 5
65.9 6 59.5 minutes), although sleep latency times
were not long on average (mean 5 17.1 6 11.5 min-
utes). Age and sex were not significant influences on
measures of subjective sleep quality and EEG-assessed
sleep and were eliminated from further analyses.

Relationships among symptoms of stress, depres-
sion, and quantitative measures of sleep are shown in
Table 1. Higher subjective stress burden was inversely
associated with delta power during non-REM sleep
(p , .01), and a trend emerged for higher intrusion
tendency to be associated with higher absolute beta
power during non-REM sleep (p , .06). There was also
a significant positive correlation between symptoms of
depression and alpha power during non-REM sleep
(p , .05).

As shown in Table 1, higher intrusion tendencies
and elevated symptoms of depression were both asso-
ciated with poorer subjective sleep quality (p values ,
.05). Intrusion tendency and symptoms of depression
were not significantly correlated (r 5 0.38, p , .18),
which suggests that each contributed independently to
subjective sleep quality ratings. Subjective stress bur-
den was not a significant correlate of subjective sleep
quality ratings.

DISCUSSION

To our knowledge, this is the first study to docu-
ment relationships among clinical correlates of insom-
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nia and quantitative EEG measures in patients with
insomnia. Study results support the hypothesis that
symptoms of stress and depression are significant cor-
relates of hyperarousal throughout non-REM sleep in
insomnia, as defined by attenuated delta power and
heightened alpha power. Elevated levels of subjective
stress and heightened intrusion tendencies were asso-
ciated with attenuated delta power and a trend for
heightened beta power, respectively, whereas subclin-
ical levels of depression were significantly associated
with heightened alpha power. Elevated intrusion ten-
dencies and increased symptoms of subclinical de-
pression were significantly associated with poorer
subjective sleep quality.

Our results are consistent with neurocognitive and
neurophysiological models of insomnia, which have
proposed that hyperarousal during sleep contributes to
the experience of disturbed sleep but may not be re-
flected in traditional EEG-assessed measures of sleep
(3, 8). The observed link between symptoms of stress,
depression, CNS hyperarousal, and subjective sleep
complaints is intriguing because it addresses the com-
monly reported paradoxical discrepancy between sub-
jective and objective measures of sleep in patients with
insomnia. Heightened CNS arousal in patients with
insomnia is thought to reflect heightened wakelike
mentation and/or information and sensory processing,
which is experienced as wakefulness (3, 8). Thus, al-
terations in the phenomenology of sleep may result in
subjective perceptions of shortened or nonrestorative
sleep that are out of proportion to the degree of sleep
disruption identified by traditional visual sleep stage
scoring.

Linear relationships among psychological factors
and quantitative, as well as subjective, measures of
sleep are relevant to the etiology of insomnia and to
the pathophysiology of affective disorders, such as
major depression. Our results show that stress and
subclinical symptoms of depression are significant

correlates of sleep, even in the absence of current
psychiatric disorders and despite a restricted range of
depressive symptomatology. This suggests that the de-
gree of associated distress, as opposed to a dichoto-
mous distinction based on presence or absence, may
be what distinguishes a diagnosis of primary insomnia
from a diagnosis of insomnia related to another mental
disorder (20). That increasing levels of distress were
associated with increasing severity of sleep disrup-
tions also suggests one avenue by which insomnia
behaves as a risk factor for depression (21). As a proxy
measure for escalating levels of distress, chronic in-
somnia may be used as a vulnerability marker for risk
of depression. It is important to recognize, however,
that distress and insomnia are most likely character-
ized by a bidirectional relationship, with distress in-
terfering with sleep and sleep disruptions eliciting
distress. Thus, a linear association among psychologi-
cal factors and sleep does not necessarily imply that
sleep acts only as a signal, and plays no causal role, in
the distress-depression relationship.

Relationships among distress and sleep may also be
broadly germane to complaints of poor and nonrestor-
ative sleep in association with stressful life events or
major depression. For example, subjective sleep com-
plaints in association with stressful life events or ma-
jor depression may be a function of heightened fast
frequency activity and attenuated delta power during
sleep, as opposed to a general response set that is
related to a negative affective bias. Although previous
studies have not evaluated relationships among stress
and quantitative EEG measures during sleep, power
spectral findings consistent with arousal during sleep
have been observed in patients with major depression
(22). In future studies, hyperarousal during the period
of sleep onset and throughout the night may prove to
be an important link between distress and sleep, re-
gardless of whether distress is related to stressful life
events, major depression, or insomnia.

TABLE 1. Spearman Rank-Order Correlations Among Symptoms of Stress, Depression, and Sleep

r

Intrusion
Tendency

Subjective Stress
Burden

Symptoms of
Depression

Subjective sleep quality
Diary-based sleep quality 20.58a 0.37 20.65a

Average absolute power during non-REM sleep
Delta (0.5–4.0 Hz) 0.19 20.73b 0.48
Alpha (8.0–12.0 Hz) 0.06 20.47 0.68a

Beta (17.0–32.0 Hz) 0.53c 20.20 0.14

a p , .05.
b p , .01.
c p 5 .06.
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Limitations of the present study include the cross-
sectional nature of the data and the modest sample
size. Strengths of the study include the use of quanti-
tative measures of stress and depression in association
with quantitative measures of EEG sleep and the use of
a well-defined sample of adults with chronic primary
insomnia. Although study hypotheses were advanced
on the basis of previous theoretical and empirical
work, replication of results in larger, prospective stud-
ies is needed to allow more definitive conclusions
regarding relationships among symptoms of stress, de-
pression, subjective sleep complaints, and EEG mea-
sures of hyperarousal during sleep. Finally, it is im-
portant to note that measures of stress may advance
our understanding of sleep in insomnia; likewise,
stress research may benefit from the use of quantitative
measures of EEG-assessed sleep.
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